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SUMMARY
This study was carried out to evaluate the effect of 
blending glassy and rubbery polymers with amines 
in the separation of CO2/CH4 mixtures. The mem-
branes were synthesized by PSU (glassy), PVAc 
(rubbery) with three different amines using the 
evaporation method. The theoretical performance 
of CO2/CH4 separation was compared against the 
experimental data for PSU/PVAc (80/20) % wt. 
membrane with DEA, MDEA and MEA at 2 to 10 
bar pressure. The experimental results showed that 
by the incorporation of PVAc and alkanolamines 
into base PSU, the membranes showed more effi-
cient CO2 separation. The selectivity (CO2/CH4) of 
PSU/PVAc (80/20) % wt. with DEA membrane was 
quite high, as compared to PSU/PVAc (80/20) % wt. 
The amine polymeric blend membrane enhanced 
the separation of CO2 from CH4 due to adsorption 
to the amine groups. However, the real selectivity 
for binary mixtures of CO2/CH4 was lower than the 
theoretical selectivity.
Keywords: Carbon dioxide; enhanced polymeric 
blend membrane; theoretical selectivity; methane; 
real selectivity.
RESUMEN
Este estudio se ha llevado a cabo para evaluar el 
efecto de mezclar polímeros vítreos y elásticos con 
aminas en la separación de mezclas de CO2/CH4. 
Las membranas eran sintetizadas por PSU (vítreo), 
PVAc (elástico) con tres aminas diferentes usando el 
método de evaporación. El rendimiento teórico de 
la separación CO2/CH4 se comparaba con los datos 
experimentales para PSU/PVAc (80/20) % en peso, 
membrana con DEA, MDEA y MEA a una presión 
de 2 a 10 bar. Los resultados experimentales de-
mostraban que mediante la incorporación de PVAc 
y alcanolaminas a la PSU de base, las membranas 
mostraban una separación más eficiente de CO2. La 
selectividad (CO2/CH4) del PSU/PVAc (80/20) % en 
peso,  con la membrana DEA era bastante alta, en 
comparación con la  PSU/PVAc (80/20) % en peso. 
La membrana de mezcla polimérica amina incre-
mentaba la separación del CO2 del CH4 debido a la 
adsorción a los grupos amino. Sin embargo, la selec-
tividad real para mezclas binarias de CO2/CH4 era 
inferior a la selectividad teórica.
Palabras clave: Dióxido de carbono; membrana de 
mezcla polimérica incrementada; selectividad teóri-
ca; metano; selectividad real.
RESUM
Aquest estudi s’ha portat a terme per avaluar 
l’efecte de barrejar polímers vítrics i elàstics amb 
amines en la separació de mescles de CO2/CH4 . 
Les membranes es sintetitzaven per PSU (vítric), 
JANUARY - MARCH 2019  |  71
PVAc (elàstic) amb tres amines diferents emprant el 
mètode de evaporació. El rendiment teòric de la se-
paració CO2/CH4 es comparava amb les dades ex-
perimentals per PSU/PVAc (80/20) % en pes, mem-
brana amb DEA, MDEA i MEA a una pressió de 2 
a 10 bar. Els resultats experimentals demostraven 
que mitjançant la incorporació de PVAc i alcanola-
minas a la PSU de base, les membranes mostraven 
una separació mes eficient de CO2. La selectivitat 
(CO2/CH4) del PSU/PVAc (80/20) % en pes,  amb la 
membrana DEA era prou alta, en comparació amb 
la  PSU/PVAc (80/20) % en pes. La membrana de 
mescla polimèrica amina incrementava la separació 
del CO2 del CH4 degut a la adsorció als grups amino. 
Així i tot, la selectivitat real per mescles binaries de 
CO2/CH4 era inferior a la selectivitat teòrica.
Paraules clau: Diòxid de carboni; membrana de 
mescla polimèrica incrementada; selectivitat teòri-
ca; metà; selectivitat real.
INTRODUCTION
Membrane technology has earned a significant rel-
evance due to their advantages over other technolo-
gies such as absorption, adsorption, cryogenic and 
distillation because of the better efficiency, econom-
ical and operating conditions. Membrane technol-
ogy is also environmentally friendly in offshore sys-
tems because they do not require periodic removal 
and handling of spent adsorbents or solvents. Dif-
ferent techniques are used to enhance the perfor-
mance of polymeric blend membranes to withstand 
the required properties. Polymer membranes have 
been used for gas separation since the 1830s. Pure 
glassy and rubbery polymeric membranes are prob-
lematic in natural gas purification due to their phys-
icochemical characteristics.  The rubbery polymeric 
membranes have high permeance, but low selectiv-
ity. In contrast, glassy polymeric membrane has low 
permeability but high selectivity. Carbon dioxide 
interact more vigorously with rubbery polymers 
and exhibit high solubility. Based on industrial and 
scientific research, numerous glassy polymer mate-
rials have been used to manufacture membranes for 
gas separation. Polysulfone (PSU) has good chemi-
cal, mechanical and thermal stability plus satisfac-
tory gas performance 1-3. Due to crystallinity high Tg 
decreased the permeance and increased selectivity 
when increasing feed pressure 4-6. The soft and flexi-
ble polyvinyl acetate polymer operates above Tg with 
high permeance but low selectivity. Due to macro-
scopic properties, Tg is reduced while considerably 
increasing softness and ductility 4, 7-9. The compat-
ibility of pure polymer blends is poor. 
Blending of glassy and rubbery polymers improve 
membrane properties for gas separation. Polymeric 
blend membranes have many advantages in terms of 
permeability, selectivity, thermal and chemical sta-
bility. Polymer blending also offers time and cost-
effective methods to develop materials with desired 
properties. To enhance the compatibility of the 
polymeric blend, a third component is added such 
as alkanolamine. It is expected that the addition of 
alkanolamine will improve the PBM properties as 
well as the gas separation performance. 
METHODOLOGY
Materials and Membrane Manufacture
Glassy, rubbery polymers and amine were used 
in this study for the synthesis of polymeric blend 
membranes. PSU (polysulfone) Udel® P-1800 was a 
powdered grade that has a glass transition tempera-
ture (Tg) of 185oC. This membrane was purchased 
from Solvay Advanced Polymers; L.L.C, U.S. Poly-
sulfone was selected mainly due to the ease manu-
facture and good properties such as high strength 
and good thermal stability together with low cost 
and ease availability. This material also offers very 
good control of pore size, pore size distribution, and 
good film-forming properties. 
PVAc (polyvinyl acetate) beads, average Mw 
~100,000, were purchased from Sigma-Aldrich, 
Germany. This polymer has a glass transition tem-
perature (Tg) of 28oC.  PVAc was selected due to its 
flexiblility, strong bonding properties and non-acid-
ic nature. The chemical structures of both polymers 
are shown in Figure 1 10-12. The membrane structure 
and performance are largely affected by the selec-
tion of suitable solvents. After reviewing the litera-
ture on the solubility of PSU and PVAc polymers, 
dimethylacetamide (DMAc) solvent was selected. 
DMAc, monoethanolamine (MEA), diethanolamine 
(DEA), and methyl diethanolamine (MDEA) with a 
purity of 99.99% were purchased from Merck Ger-
many. The chemical structures are shown in Figure 
1 11, 13-15. 
The polymer blend membrane was synthesized 
with different composition of PVAc and PSU in 
DMAc solvent. Firstly, PVAc was allowed to dis-
solve completely in the DMAc solvent. Then, PSU 
and amine were added and the mixture stirred for 
24 hours. Polymers and amine were mixed under 
unremitting stirring at room temperature to ob-
tain a homogeneous blend, commonly referred as 
the casting solution. To decrease formation of air 
bubbles during blending the solution was stirred in 
a bath sonication in a Transonic Digital S, Elma® for 
3 hours.
Figure 1. The structure of (a) PSU, (b) PVAc, (c) DMAc, 
(d) MEA, (e) DEA and (f) MDEA 
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Each polymer was wholly dissolved in the solvent 
without signs of agglomeration upon standing dope 
solution. This dope solution was then casted on a 
glass plate using a casting knife (opening of 200μm) 
and the casted film was dried in an oven at 70oC for 
2 hours. These cast membranes were stored at room 
temperature for five days for solvent evaporation 
. Then, the membrane was peeled off on the glass 
plate for the performance test. The different com-
positions of polymers and amine blend membranes 
are shown in Table 1.
Table 1. Composition of different enhanced polymeric 
blend membranes in DMAc solvent
Membrane Coding Polymerswt. %
Amine
10 wt.%
M1 PSU 80% /PVAc 20% -
M2 PSU 80% /PVAc 20% DEA
M3 PSU 80% /PVAc 20% MDEA
M4 PSU 80% /PVAc 20% MEA
Gas Permeance Evaluation
The permeation experiments with pure CO2 and 
CH4 gases were conducted using a gas permeation 
testing unit CO2SMU (Figure 2). Pressures from 2 
to 10 bar were considered. All tests were carried out 
at room temperature. The CO2/CH4 flow rate (0.1 
m3/sec) was controlled with a mass flow monitor. 
Figure 2 . Schematic Illustration of the Membrane Gas 
Permeation Testing Unit
The testing unit contained a stainless steel paired 
disk with an effective membrane area of 9.60 cm2. 
It was tightened up by O-rings and flanges to re-
duce the probabilities of gas leaks. A polypropylene 
perforated circular sheet and a mesh for sample 
support was placed beneath the membrane sam-
ple. This dead-end membrane module allowed the 
feed gas streams entering perpendicularly to the 
membrane sample. The top half of the membrane 
module was attached to the upstream of the system 
for collection of permeate feed. The lower half was 
attached to the downstream. The retentate wall was 
close during the test. The upper half and the bottom 
half were coupled together by using five bolts and 
nuts. 
The bubble flow meter was used to measure the 
permeate gas flow rate. The testing unit was entire-
ly vacuumed at a pressure of ≥ 0.1 bars to remove 
any impurities and residual gases, before test perfor-
mance. The feed gas was supplied from a gas cylinder 
equipped with a pressure gauge. A three-way valve 
was attached as the entry point of the system allow-
ing only the introduction of one pure gas stream at 
a time 16.
The performances of the synthesized membranes 
were evaluated using the permeability test for pure 
CO2 and CH4 gases and a binary mixture of CO2/
CH4. The permeance of pure gases was evaluated 
over a range of 2 to 10 bar feed pressures. CO2/CH4 
gas mixtures of 30/70 % vol., 50/50 % vol., and 70/30 
% vol. were used for selection of the best EPBM per-
formance. The performance of the membranes was 
evaluated from the permeance of CO2 and CH4 and 
the real selectivity for the CO2/CH4 mixtures.
Gas analyses were carried out to obtain the total 
permeance of the gas mixtures of CO2/CH4 (70/30, 
50/50, 30/70) % vol. The permeate gas mixture was 
then analyzed by CO2SMU gas analyzer to obtain 
the compositions of CO2 and CH4 gases. The CO2 
and CH4 permeance was then calculated as:
                 (1)
                    
                (2)
where xi is the composition of the gas species in the 
permeate side measured from the gas analyzer from 
the CO2SMU unit. Thus, the gas selectivity () was 
calculated by taking the ratios of the CO2 and CH4 
permeance 17.
                    (3)
RESULTS & DISCUSSION
Mixed Gas Analysis
The purity of the CO2/CH4 gas mixtures for each 
composition 70/30 vol.%, 50/50 vol %. and 30/70 vol 
%. was tested by GC prior to the membrane sample 
testing. The gas performance of the selected PSU/
PVAc (80/20) % wt., PSU/PVAc (80/20) % wt. with 
DEA, PSU/PVAc (80/20) % wt. with MDEA, and 
PSU/PVAc (80/20) % wt. with MEA membranes 
was evaluated from all the gas mixtures. The se-
lectivity data for the gas mixtures at 2, 6 and 10 
bar feed pressure that was initially obtained from 
the gas mixture compositions using the CO2SMU 
gas analyzer.
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Figure 3.  Comparison of theoretical and mixed gas 
selectivity of the PSU/PVAc (80/20) % wt. polymeric blend 
membrane
Figure 3 shows the mixed gas selectivity of the PSU/
PVAc (80/20) % wt. membrane. The observed values 
were quite lower than the theoretical selectivity. This 
difference is also shown in Table 2. The concurrence 
of CH4 and CO2 in the feed stream makes it difficult 
for CO2 to pass through the membrane. The reduction 
of performance is due to the increase of CH4 concen-
tration in the feed side, a phenomenon known as con-
centration polarization. The presence of CH4 along 
with CO2 reduces the solubility coefficient of CO2 
which results in an overall decline in the performance 
of the membranes. The higher is the concentration 
of the non-interacting gas CH4 higher is hindered 
the transport of the small interacting gas CO2. The 
CO2 diffusivity is affected because CO2 has a surface 
transport involving jumps of the molecules from one 
adsorption site to another. The kinetic diameter of gas 
was also related with the reduction of the real per-
formance across membranes. The kinetic diameter of 
CH4, 3.8oA is higher than that of CO2, 3.3oA, which 
causes higher permeance of CO2 than CH4 18.
Table 2. Theoretical and mixed gas selectivity data for a 
PSU/PVAc (80/20) % wt. polymeric blend membrane
Pressure
(bar)
Theoretical 
selectivity
α(CO2/CH4)
Mixed gas selectivity CO2/CH4
(70/30) vol.% (50/50) vol.% (30/70) vol.%
2 6.18 ± 0.33 5.87 ± 0.002 5.74 ± 0.04 5.33 ± 0.02
6 8.38 ± 0.02 7.14 ± 0.06 7.01 ± 0.04 6.85± 0.03
10 10.44 ± 0.39 8.34 ± 0.003 8.22 ± 0.03 8.14 ± 0.06
Figure 4 shows the mixed gas selectivity of the PSU/
PVAc (80/20) % wt. with the DEA blend membrane. 
The real selectivity values are quite close to the theo-
retical ones (Table 3). A real gas shows properties clos-
er to the theoretical values at high temperature and 
low pressure. Often the individual gas permeances are 
not the same as those for the same values measured in 
gas mixtures, especially in cases in which no less than 
one of the segments is an unequivocally swelling pen-
etrant for CO2 18, 19. Similarly in EPBM when amines 
are blended in PBM the real performance also lower 
than theoretical values due to concentration polariza-
tion of the non-interacting gas (CH4). Although CO2 
has good affinity with an amine, the simultaneous 
presence of CH4 in the feed also affects the absorption 
of CO2 across the EPBM.
Figure 4. Comparison of theoretical and mixed gas 
selectivity of PSU/PVAc (80/20) % wt. with DEA enhanced 
polymeric blend membrane
Table 3. Theoretical and mixed gas selectivity results for 
PSU/PVAc (80/20) wt. % and DEA enhanced polymeric 
blend membrane
Pressure
(bar)
Theoretical 
selectivity
α(CO2/CH4)
Mixed gas selectivity CO2/CH4
(70/30) vol.% (50/50) vol.% (30/70) vol.%
2 10.39 ± 0.1 9.12 ± 0.01 9.03 ± 0.05 8.88 ± 0.01
6 20.52 ± 0.04 19.96 ± 0.06 19.53 ± 0.02 18.72 ±0.06
10 30.82 ± 0.78 27.73 ± 0.02 26.69 ± 0.03 25.80 ± 0.04
Figure 5. Comparison of theoretical and mixed gas 
selectivity of PSU/PVAc (80/20) wt. % with MDEA 
enhanced polymeric blend membrane
Figure 5 portrays the mixed gas selectivity of the PSU/
PVAc (80/20) % wt. with MDEA blend membrane. The 
real selectivity was lower than the theoretical values. For 
PSU/PVAc (80/20) % wt. /MDEA blend membranes, the 
permeance of CO2 is higher than CH4. The difference is 
due to the interaction between the kinetic diameter and 
solubility of gas molecules 20. The higher CO2 permea-
bility is related to the high solubility of CO2 in the mem-
branes as compared to CH4 because the CO2 has a small 
molecular size. On the other hand, CO2 is a polar gas 
that can interact with polar chain polymers, therefore 
the permeance of CO2 in PSU/PVAc blend membranes 
that contain polar groups in the main chain of the poly-
mer is substantially higher than the one of CH4. The 
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carrier MDEA amine in PSU/PVAc blend thus behaves 
like a shuttle that loads CO2 molecules at the feed side, 
travelling through the membrane, and then releas-
ing these molecules into the permeate stream before 
returning to feed side. The CH4 non-reacting mol-
ecules do not react with the carrier and thus per-
meate through the membrane only by the physical 
mechanism. Table 4 summarizes selectivity results 
for PSU/PVAc (80/20) %  wt. and MDEA membrane.
Table 4. Theoretical and mixed gas selectivity results for 
PSU/PVAc (80/20) wt. % and MDEA enhanced 
polymeric blend membrane
Pressure
(bar)
Theoretical 
selectivity
α(CO2/CH4)
Mixed gas selectivity CO2/CH4
(70/30) 
vol.%
(50/50) 
vol.%
(30/70) 
vol.%
2 9.64 ± 0.02 8.81 ± 0.01 8.56 ± 0.07 8.51 ± 0.01
6 19.50 ± 0.05 18.30 ± 0.02 17.62 ± 0.01 17.08 ± 0.01
10 29.79 ± 0.36 27.08 ± 0.07 26.77 ± 0.04 25.24 ± 0.03
Figure 6 represents the mixed gas selectivity of the 
PSU/PVAc (80/20) % wt. with the MEA blend mem-
brane. Similar findings were observed for the selec-
tivity of PSU/PVAc blend with MEA. The quantified 
values are given in Table 5. They indicate that plas-
ticization did not occur in the membranes, since, at 
a low pressure of 2 and 6 bars, they showed consis-
tency in the membrane performance with the one 
of pure gas 21, 22. The plasticization pressure of PSU 
has been reported to be roughly around 28 bar pres-
sure, but in the present study, the operating pres-
sure conditions were only between 2 to 10 bar that 
is below plasticization pressure of PSU. Hillock et al. 
observed that in PDMC/SSZ-13 hybrid membranes 
selectivity achieved for 10%/90% CO2/CH4 gas mix-
tures was higher than the theoretical selectivity for 
the pure gases21. This observation is consistent with 
the absence of plasticization that occurred when the 
CO2 permeance overtook the CH4 bulkier molecule. 
Therefore, it effectively slowed down the CH4 trans-
port through the matrix. The experimental results 
for mixed gas showed good agreement with the 
literature data with a very low effect on selectivity 
CO2/CH4 for pure and mixed gases.
Figure 6. Comparison of theoretical and mixed gas 
selectivity of PSU/PVAc (80/20) % wt. with MEA 
enhanced polymeric blend membrane
Table 5. Theoretical and mixed gas selectivity results for 
PSU/PVAc (80/20) % wt. and MEA enhanced polymeric 
blend membrane
Pressure
(bar)
Theoretical 
selectivity
α(CO2/CH4)
Mixed gas selectivity CO2/CH4
(70/30) vol.% (50/50) vol.% (30/70) vol.%
2 9.08 ± 0.3 8.37 ± 0.01 8.23 ± 0.02 8.11 ± 0.03
6 19.51 ± 0.10 18.72 ± 0.01 18.34 ± 0.02 17.14 ± 0.05
10 29.73 ± 0.53 26.09 ± 0.01 25.66 ± 0.003 24.50 ± 0.01
For PSU/PVAc (80/20) % wt. and PSU /PVAc 
(80/20) % wt. /amines blend membranes, as CO2 
is the most permeable gas selectivity (CO2/CH4) of 
PSU/PVAc (80/20) % wt. with the DEA membrane 
is quite high in comparison with PSU/PVAc (80/20) 
% wt. These differences show that the polymeric 
blend membranes can separate CO2 from CH4 be-
cause CO2 is more soluble in the continuous matrix. 
Simultaneously, the amine polymeric blend mem-
brane shows an enhanced ability to separate CO2 
from CH4 due to the structural effects of the amine 
molecules in the membrane.
Among the three amines tested, diethanolamine 
led to the best-performing results, probably because 
of the basicity and the number of –OH groups pres-
ent in this amine. The data obtained in the present 
study illustrate that among all of the amines tested, 
diethanolamine exerts the greatest effect on mem-
brane performance.
CONCLUSION
The enhanced polymeric blend membranes have 
been successfully developed. The performance 
was evaluated from the gas permeation behaviour. 
Among the three amines tested, DEA was the most 
effective in improving the CO2/CH4 perm-selectivi-
ty. The mixed gas selectivity CO2/CH4 of the devel-
oped membranes showed that the values were quite 
close to the theoretical selectivity CO2/CH4.
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